Several standard formats have been proposed that can be used to describe models, simulations, data or other essential information in a consistent fashion. These constitute various separate components required to reproduce a given published scientific result. The Open Modeling EXchange format (OMEX) supports the exchange of all the information necessary for a modeling and simulation experiment in biology. An OMEX file is a ZIP container that includes a manifest file, an optional metadata file, and the files describing the model. The manifest is an XML file listing all files included in the archive and their type. The metadata file provides additional information about the archive and its content. Although any format can be used, we recommend an XML serialization of the Resource Description Framework. Together with the other standard formats from the Computational Modeling in Biology Network (COMBINE), OMEX is the basis of the COMBINE Archive. The content of a COMBINE Archive consists of files encoded in COMBINE standards whenever possible, but may include additional files defined by an Internet Media Type. The COMBINE Archive facilitates the reproduction of modeling and simulation experiments in biology by embedding all the relevant information in one file. Having all the information stored and exchanged at once also helps in building activity logs and audit trails.
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) class diagram notation to define the constructs provided by 3 this package.
4
We also use the following typographical conventions to distinguish the names of objects and data types from other 5 entities:
6 Class: Names of ordinary (concrete) classes begin with a capital letter and are printed in an upright, bold, sans-7 serif typeface. In electronic document formats, the class names are also hyperlinked to their definitions in 8 this specification document. 
History

19
The COMBINE archive was engendered from the SED-ML archive, that was first introduced in the SED-ML mailing 
25
This specification has been created out of the many discussions that took place on the combine-discuss mailing 3 Proposed syntax and semantics 1 In this section, we define the syntax and semantics of the COMBINE archive. We expound on the various data 2 types and constructs defined, then in Section 4 on page 10, we provide complete examples of archives. 
The archive format 4
The COMBINE archive is encoded using the "Open Modeling EXchange format" (OMEX). The archive itself is a
5
"zip" file (Wikipedia, 2014) . Zip is a file format used for data compression and archiving. A zip file contains one 6 or more files that have been compressed, to reduce file size, or stored as is. The technical specification of the ZIP 7 format is available from the PKWARE website (PKWARE Inc., 2012). 
COMBINE archive extensions 9
The extension for the COMBINE archive is .omex such, the purpose of the extensions is different from the master attribute of the manifest file, described in section
13
Section 3.7, which is read by the processing software once the archive is loaded and parsed. Currently, the following 14 extensions are specified:
15
■ .sedx -SED-ML archive (Waltemath et al., 2011) 16 ■ .sbex -SBML archive (Hucka et al., 2003) 17 ■ .cmex -CellML archive (Cuellar et al., 2003) 18 ■ .neux -NeuroML archive (Gleeson et al., 2010) 19 ■ .phex -PharmML archive (Moodie et al., 2013) 20 ■ .sbox -SBOL archive (Galdzicki et al., 2014) 21
Note that a COMBINE archive may contain files in several different standard formats. Therefore the specific ex-22 tension is only an indication. For instance, a database of models could distribute archives of the same models, 23 encoded in SBML with the extension .sbex and encoded in CellML with the extension .cmex. However, archives 24 containing models in both formats could also be distributed and the extension .omex used. If the archives contain 25 SED-ML files, the extension .sedx could be used and the selection between the model formats be devolved to the 26 SED-ML file. The location of those files is defined by a relative path. In the current version of the COMBINE archive, all the 32 files described must be included in the archive itself. It is envisioned that in the future the manifest might 33 list files located elsewhere, using valid and resolvable http URIs. Versioned URIs will be generated as needed, following the practices of COMBINE standards. 
Primitive data types 8
The COMBINE archive uses the XML Schema 1.0 data types (Biron and Malhotra, 2000) . More specifically we make The master attribute of type boolean optional. When set to "true", it indicates that the file declared by the content 31 element should be used first when processing the content of the archive. The file can be for instance the descrip-32 tion of an upper model in a composed model, itself declaring the various submodels; a simulation description, 33 declaring the different model descriptions and data sources used in the experiment. In most cases, one content 34 element per archive will have its master attribute set to true.
35
For example the reading the snippet below, a software program should decide to present to the users first the file 36 pointed by location="simulation.xml". In some cases, the master attribute is more precise than the information given by the archive file extension. Ideally, COMBINE archives should contain only one model and should have only one master attribute set to true.
27
However, in some cases, the creator of the archive might want to set several master attribute to true, for instance 
Advised format for the archive metadata
35
Any type of file can be included in a COMBINE archive, and therefore any type of metadata format. However, in 36 the interest of interoperability, and to ease the development of software support for metadata, a recommended 37 format is provided as part of the specification of the archive.
38
The recommended format is based on several standards developed by other organizations: More information on how to use vCard in RDF can be found on the W3C website 1 .
3
■ Metadata terms 2 of the Dublin Core Metadata Initiative, in particular the terms:
4
• description (http://purl.org/dc/terms/description),
5
• creator (http://purl.org/dc/terms/creator),
6
• created (http://purl.org/dc/terms/created),
7
• modified (http://purl.org/dc/terms/modified),
8
• W3CDTF (http://purl.org/dc/terms/W3CDTF).
9
More information on the use of Dublin Core in RDF can be found on the Dublin Core website 3 .
10
More informationabout the definition of the date format used within dcterms:created and dcterms:modified 11 elements is available on the W3C website 4 .
12
■ The BioModels qualifiers
Users of the COMBINE standards may already be familiar with this approach, as it is also taken by SBML, SED-ML, 14 SBGN-ML 6 .
15
A COMBINE archive can include multiple metadata elements adding information about different content files. To
16
identify the file a metadata element refers to, the rdf:about attribute of the relevant metadata structure should 17 use the same value as used in the location attribute of the respective Content element, e.g. A complete example of the metadata related to a simulation description contained in a COMBINE archive is de- clerical data is included in location="metadata.rdf". Here a complete example, on how the clerical data could be encoded in the metadata file: It was often discussed to also allow the location elements of a Content element point to an external document. 4 However, in this first version we restrict them to local files, so as to make it easier to adopt in software tools. That 5 way tools could focus on the primary use case of bundling up several local resources, rather than worry about 6 retrieving information from online resources that may not always be available or may be more complex. 
Cross References between entries 8
At HARMONY 2013, we spent time discussing whether cross references between the individual entries in the 9 archive ought to be in this first version of the specification. It was decided to leave the cross referencing to the 10 individual standards for now, rather to impose them ad-hoc. developed by the International Digital Publication Forum (IDPF). As for the format described here, those archives 28 contain a manifest file that lists and identifies the contents of the archive and a metadata file, either in xml or rdf.
29
In parallel, Microsoft developed the Open Packaging Convention (OPC, 2008) used in its office suite and other soft-
30
ware such as MathWorks' Simulink. Those packages also list their contents in an xml file, and can carry metadata.
31
Those industry standards are relatively complex and rigid. In this initial iteration of the specification, the com-32 munity opted for simplicity and flexibility, in order to get traction. The main differences between the COMBINE 33 archive and the formats discussed above lie in the structure of the archive and the format of the file describing the 34 content. Since the COMBINE archive is in general less specified, future convergences will be easy to implement 35 once agreed upon. 
